Supporting information
1. Oriented attachment. The oriented attachment of PbSe QDs to form honeycomb superlattices were performed following our recent slow process. 1 2. Band structure of a honeycomb superstructure. Experiments show that atomically-coherent silicene-type honeycomb structures are formed by epitaxial attachment of the PbSe NCs via three of their 6 {100} facets. In addition, substantial atomic rearrangement takes place during the attachment process. Inspired by the experimentally observed structures, we have considered the 3 following model of silicene-like superlattice. 2, 3 The lattice is made of an ensemble of tangential spherical NCs, the center-to-center distance between nearest-neighbor NCs is equal to the NC diameter. Each sphere is connected to three other spheres along three out of the six <100> directions. Between each pair of neighbors, we add a cylinder of atoms which accounts for the atom rearrangement and the necking occurring during the oriented attachment process. The diameter of each NC is equal to 5.5 nm and the cylinder one is equal to 2.7 nm. Inside the spheres and the cylinders, the PbSe lattice is the same as in bulk, i.e., we assume that there is no lattice relaxation. The surfaces are not passivated as this is not necessary in the case of PbSe for reasons discussed in Ref [4] . 4 Each atom in the lattice is described by a double set of sp 3 d 5 s* atomic orbitals including the spin degree of freedom. The tight-binding parameters including spin-orbit coupling are taken from Ref [4] . Due to the large number (6415) of atoms per unit cell, the numerical methods described in Ref [5] are used to calculate near-gap states. 5 Figure S3 shows the electrode design used for electrochemical gating measurements. The gold figure pattern is created by optical lithography on a SiO2 substrate. These interdigitated fingers are spaced 10 to 50 µm apart, with a total device length between 9 and 1200 mm. 
Electrode design for gating measurement.

Conductivity and mobility for electrochemical gating measurement.
To calculate the charge density, we integrated the differential capacitance giving us the total amount of charge injected to the superstructure. Next, we should know the number of nanocrystal in the gated area of the electrode. For this purpose, we visually checked the area of the electrode covered by superlattices shown in Figure S4 . It shows that the superlattice covers the whole active area. Some cracks are visible in the image, but they can hardly affect the electron transport between source and drain as many parallel transport paths exist. In addition, from the TEM images, we saw that not the whole area is covered by superstructure due to the empty places and cracks (Figure S5 a) . For the sample presented in this work, we estimated that 70% of the area is covered by the superlattices.
To estimate the number of NCs in the covered area, we got an HAADF image and counted the number of presented NCs in the image which was equal to 34 (Figure S5 b) . The area of the image was 1.6 × 10 -15 nm 2 . Therefore, the number of NCs in a cm 2 is equal to 2.2 × 10 12 .
Therefore, the number of charge per NC was:
Where N is the number of charge per nanocrystal, Q is total charge injected to the superlattice, e is elementary charge and A is the area of the electrode where the superstructure was stamped on.
From the source-drain current versus applied potential shown in figure S5 , the conductance of the superstructure was determined. From the conductance and the fingers geometry, the conductivity of the superlattices was calculated:
Where G is the conductance, w and l are the width and length of the fingers and h is the thickness of the honeycomb monolayer equal to 6.2 nm.
From the charge per NC and the conductivity, the mobility of the honeycomb superlattice was calculated:
Where V is the volume of a NC considered as sphere. 
Source-drain current versus applied potential.
We applied a step-wise potential of 55 mV between drain and source and measured the current vs applied potential in each step. As soon as the Fermi level is in the conduction band the current versus potential has linear (Ohmic)
behavior. The line with a positive (negative) slope in each cross in Figure S6 represents the current versus applied potential for drain (source). The total amount of injected charge carriers and the number of carriers per NC site (=1/2 unit cell) in the forward scan are depicted in Figure S7b . At the most negative potential (-1.2 V), we observed 8 electrons per NC site, meaning that the 8-fold degenerate S-type conduction band is, in principle, fully occupied.
As it can be observed in Figure S7c and S7d, the conductivity sets on at -0.4 V and rises with the electrochemical potential, up to 50 S/m at the most negative potential. The raise in the conductivity is pretty small for potentials more negative than -0.8 V, this is due to the fact for this device the interfacial PbSe superstructure/gold contact resistance starts to dominate over the resistance of the superstructure. The conductance onset agrees with the onset of the differential capacitance, showing that the injected electrons occupy conductive states only. While for electrochemical potentials positive of 0 V the differential capacitance increases again, this is not accompanied with an increase of the source-drain conductance. We conclude that positive charges are injected in the PbSe superstructure, but they occupy localized in-gap states.
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The electron mobility of the PbSe honeycomb superstructure calculated from the electron density and conductivity reached the value of 0.4 cm 2 /Vs at -0.8V as it is shown in Figure S7c . 
